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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high-density and large- 
capacity dielectric information device which constitutes SNDM 
capable of using a plurality of small-sized probes and records and 
reproduces information in fine areas of a dielectric by using the 
SNDM. 

SOLUTION: This device is provided with a plurality of 1st 
electrodes 14 which record information in fine areas of the 
dielectric 1 2 and a 2nd electrode 1 3 which is provided to be 
opposite to the 1st electrodes 14 across the dielectric and 
grounded and an AC signal is applied to the 1st electrodes 14 to 
read the information recorded in the fine areas of the dielectric 
thin film 1 2. The dielectric constant of the fine areas is determined 
by the polarization direction of the fine areas and the direction of 
an applied electric field and a resonance circuit including a 
capacitor Cs based upon the dielectric constant and an externally 
provided inductor L as elements causes an oscillator 20 to 
oscillate. The signal of the oscillator 20 is demodulated by an FM 
demodulator 21 and synchronously detected by a signal detector 
22. To record information, a recording signal is applied to the 1 st 
electrodes 14 and the polarization direction is so determined as to correspond to the recording signal. 
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l ] S 1 <DffikS2 4)ffik**rr5 

mt~smmw<om 2 <offi£»is-r 2 <onmt, 
k**R«ttWiiaMo 

mzMnwom 2 (DiBic&iR-r ass 2 <ovst. 

#&k, _ 20 

«#«k* 

mmmmsifc & 0 2 n/cft k tut E3£«tf§*t k £ 

mtmmw<om 2 ©afcawrrs* 2 owsk, 
®k. 

itu!BfIP¥Ktc J: t) n/cfi^ k Suffi^fM^f k 



R«*©«/h««fcitfK*K»u s£-r*R«*«« 

(i) iB»#Kfc^ 

g#©k. 
(ii) 

mnfo<DWz i (0«®km2om®p^^ff^^ ; H^s» 



mm* zct ztmm t?z> n#m 2*^6 00 ^n*— 
nfeaao us *^ 5 c t k r ^>if*^ 1 
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mimmz t zmmt zct znw. t-rz t— -fw&fo 

i bh u?£f & -r -y x z vmmmn^mx* & -o t, 
tui bi n mf*is»«f*£ #s me#a t . 

K*-rsflMi*£jsu 3!#tti*nfc«**?f£-r*te 20 
^4aa#©i: ^mif set *w« t 3 ^ x^ 

[000 1] 

emu ifa-rs^s^B^jga-r 

[0 0 0 2] 

atfikLTj6*S^*«R«*K«» (SNDM : S c 
anning Nonlinear Dielectr 
ic Microscopy) ^Bfl%LT#/co 
[000 3] S N D M*±*f»<0lf tt*BI«*^*W"ffl 



[0 0 0 4] COctatCSNDMtiRW^O^ffi^flj* 

[0 0 0 5] iBHSBfiSl^ffiSS^**^^ 
fcfclc, ;£ 6fc/J>l!T?IE»»£*Bk LTffl^SC fcfc 

[0 0 0 6] 

[0007] seoT*5Ew«wisraH^^«»ft$nfc 

5SNDM*1«U COSNDM*»^TWI#0» 

* a § » ik*i«8«b srawb^^fc-rsfc^fc^o 

[0 0 0 8] 

at, k«*^ 

[0 0 0 9] *%BJ!£>H 1 oSI«#1tffi^B^8S«T* 
[ooio] MIES l ©«K«\ ^J^tf^y^xf-v^ 
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(c) PbZrOa^aStlS^y 



(d) BaTiOaT^n^f^Vi^ 



(e) L i Nb0 3 T**?n5^7»'J 



M (Atomic Force Mi rcoscop 
e : S?6tt Mi) ffl<DA>fl/A-S*ffl^ti 

[001 i] mzm 2 (ommiz. m^m^^rnvm 

[0 0 12] HW»i:4:Sm*Bme811l 

[0013] sstttttmti. w*tfWTics'r*m««« 

[0014] (a) PbTiOa-PbZrOaOljgj* 

r^pzTtffio 

[0 0 15] (b) P b T i Oat^nSf^^l 

e. 

[0 0 16] 
[0 0 17] 
[0 0 18] 

[0019] (f)ffi(Pb), 7^>(La), y 

;lo-r>A (Zr), (T i ) K<0B»{*T?*3 

P L ZTfflo 

[0 0 2 0] (g) (B i ) , ^hU^A (N 

a) , m (Pb) f /SU^A (Ba) ^<D@ 5 
B N P B H©K«f*Wfto 

[0 0 2 1] WEWStt, -tr^^ y^X, itMSJIXteiS 

fc, ^u^yfbtrmj^v (pvdf) . ^yffcif— u 

[0 0 2 2] §B»«#£/£¥afcJ\ » l <D«fili:ep*P<* 

nrR«f*«s^«/jN««o»ffi«j|i*«{ks-e. eat 
n-^ffl^-r-^H. *aoiWBk:jsi:T«j««nao 

[0 0 2 3] «^9l*P#Stt, C^£?tc£/£2n/cfB 
[0 0 2 4] #fSJ§G>SS 2 <&K«f*«*gBfcfc±fBS« 



oaffi^Biftp-rsW^Epfto^Si:, R«#E>S l Oil 

^^2^m®p B ^cfl : M^na^s^. »wj«nft^y 
io «pir3«sa#a£, tWB«iH¥aK:j:?)ttW*nrc« 

[0 0 2 5] *%M<0^2<OSiatt:««i»fiO«S«JCcl: 

l^tB4Lt, E»tt!»«:aiB-r*lf*¥a«rfiB^fct> 
OT^oT, E« IE* h: ff A T v ^ * 5*^ *StK L ft 

[0 0 2 6] BSfaoiiSli, Jgi<£>S@*:|g2<£>tt 

ffitmmm* *> ©«***nE£»«*^#a»c <£ o * 
»«««:s*-r*««ssfe#a^6a*o c:©*:*©^ 

ffiMI&ifcf* 1 G h zSST*«$o 
[0 0 2 7] S£««««ft*aH:* Jt«H«»OfiV\ 

[0028] mMm*\cnr&mmtt± 
abfea 1 ©BiiwwiaiifcHi-wsp $fc, mi 

[0029] *^w<Dm3<Dmmfcm^m&±mmm 
40 mt, mmmfo(om2(Dmic&m?%m2(Dnm£. 

#a£, ^ft»«*fl£j«¥afe:*0^**tifcS«[« 
^tuiBil l ©«Sfc:fflAP^*«^ffliP¥afc. 

tt«tife-o^^**dA,T»«««n*»s^ai:, tu 
nfti»»*dit«wi¥ak, Mia«n#ak:j:t) 

«■ « n/cfl^ £ tut B&ffifll * t: <fc D I E£I2 ft TV ^ 

OT*s£**«*?i£¥afc*jMrr*o 
50 [0030] *mw<om 3 (omn#mn&m<Dtimic * 
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sawi^/s^at & sea u c <d3Z»hi#*:» i © 

llStc^finboogf i <D«aTSI«f*4}*ffiicSttrr 

ft7S&ars$^*a** dofg^tg^sfi^fstc/s 
ttfo ss«t«^tt5 k h zgfiTfft^ mmmt i g 

[0 0 3 1 ] f^ffiOlE K»«ti*fe:BB-rsKWtt± 

[0 0 3 2] *»W©»4 Ol£mii$g^Btf±ffigg^ 

mmmmv&^T, co E»¥ai4, s&Est«f*<Das 

5Ml2 0»ai:, ES"T^#<i#*^flc-r§iBSM^ 

MEES«#£j«#afc<fcD£]«* 

fia^n/c«^^tuieig i oaaicwsn-rsfi^firota^ 

Sfc**«U (ii) ss#aa, i of i 

****^T?**snfc««#a£* fuEfgjg^atc 

WTSIIWFai:. SWE*W#a*i:j:t)«iU*nfc« 
fc 4: tc J: 9 Eii L fc{f#* W^"T * fi^t 

s^a^jyiu ££ic, mEE«¥a»rm£* 

[0 0 3 3] *5l^om4 0St«i*«ffiSBOffiati:J: 
E»£«i:W£S«o**©«j«fc*©»fts 



[0034] mmmmcM?2>mwi±± 
j&i^rzm \ <Dmmfomm&mtm--T*&% 0 s/c, mi 

[0035] *%w<Dmmfommmm<D—mm-x:te, m 
[0036] ccommc&titf, m \ <Dwm\zm^ z> 

[0 0 3 7] c^iSff^ti^m^cm^Oii^o 

»»S#*^*, B£ffl#fr&C©32»«^*JB^TE 
»SnT^*1f«*lS^S/NJtTtt*ft!)ft^fTilS<fc 
?tcb£5 tt5tOT**5o bfr b&A*e> CO^iSfl 

20 m^mm^mmcxij^n^ t%n%%£^&LT&M<D 
»aw\ *n^nfcs*«JB«»o5ss(te**93iip-r« 

[0 0 3 8] ±»LfciBK^a*»»SC:fcJ4**BB© 
«f«© l o^l), S l Oll^SMtt/cS^Tfeo 

Jt««*#4@tt««*i8Sli:bTir>fc»«*a 

30 [0 0 3 9] *»WO»*(*:fll««HOffiOllB«T-«, 

«JEffll#B^attraW*«^rSCK:<fc«W*¥a«rS« 
[0 0 4 0] COiaUcJihtf, g|ttf*0»/J^iStc*5 

«»«W#a*c<tO«Hb. i: 
40 i:BBH»(tsn, *n*ft©3Sffi«^te#ffibfclEWft 

[0041] *awoR«(tif«tt«oft&(3Dffi«"ea, 

ME* l 0*SOJBHfc»*bft«a**«-rSo 

[0 0 4 2] COttatCttltf, HuESffi«5lffiSt J: 
«/jN««OSfl*i!5ibT7--X«lteBI*lH]B*»J«b 

tt^o s i o«^oMiHtciS:^^nTv^r±aib 

50 [0 0 4 3] *5gWOSS«f*1fffl^H<OflfiO«iaT*t4. 



[0044] c^aitc<fcntf^ &$i<d& i <owM%m 



[0 0 4 6] CtO««JCJ:ntf, «»R»6n» 1 ©i 

W££nse*i tiara*-* c t ft < B»snTv^*iWB 

[0 0 4 7] *aW(OBI«* J l»«*«oflfiaD!BaiT?tt, 

HulERB{*W:> 3£RBf* (ferroelectric substance) 

[0 0 4 8] COJBa»Cj:ntfs aUtOBWI* (dielec 
trie substance) £i:b$£LT— m&mc, 3£§§ttftcQ$r 

[0 0 4 9] *aWO-r-^Rj«<*l5»?f*S«tt±8B 
MIBRBf*fB»»{*U:S«U 1fflH*gB»LR#ffl 

[0050] <: oikshc * nif , ^«jcjBj«*nfc 

£@/&t-£^t6£ft&o 

[0051] *&w(DT-7ttmmmm£.mm<D--m 
mutt, mtmmmmmm^ mnmm^^ 0 

[0 0 5 2] coBBfc-^fttf, BUroRBttfrBft* 
iB»»tt£J±«LTHBfi*FK:. 3HRB{*fr5&«IER 

ft^o 

[0 0 5 3] X*«j«zttE»S3fei6B«± 
ERB*l!H*«fc*te* x-fX*tt©R«f*ffi»«&f* 
&c tiKH£f B8 L W£"T S t-V X * tt^&f B£il?£^g 
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[0054] co^aijcintf, T-txtmcBjuzti 
xoKBs^softB/s-r s ^ t ft * o 

[0 0 5 5] *«MO-r-<x*««(*E«?f^»HO- 

[0 0 5 6] COBflHcitltf, 

10 ft£ Q 

[0 0 5 7] *»WOLOJ:34m &tfffi<OfU»H: 
[0 0 5 8] 

Tx RBftfMR«Bfc:oi/*TH:» l HfifiJKJSfr 4 H 

[0 0 5 9] (Si nMBM) si\ SB 1 H*»»oR 
20 »{*1»«SK^ou^Tia 1 *>6B4*#BLT««l3 , r 

*<> c c t?b i Bsiiiitt»ttona«3^rH?« ^> > 

[0 0 6 0] **«l|(0»!IWiSIB#»K±k:JBj«*nfe 
B«tt*12»»f*£U BW#0)«/|MH*fc:BI!i*fti* 

30 mmmmtithTmmr&mB^cDmf&t, tomtom 

tcsgu (9ifto"rs«#^^ffio)7?ioi^rai:«^i:Sft 

[0061] te*nm(Dmm<Dmnfommmw i <o 

1 1 URB^ffi 1 2 &Rttfl3Hil 1 2 <D^-x 

40 i 3^5fto, bbi 3immznz>o mm 

fomm 1 2 tt»B1t©#»-e**«« 1 3 0±&C B a T 
i 0 3*¥<DRB*tt'»*X/^^ £ U >i?m<0'£9U<D&ffi 

»R±»ca^ftffO»M«B*JBti8b, ^<7)±tc p z T 
[00 6 2] RmttfBS&tt 1 1 £>KBf*SlS 1 2 

am-* j; 3 1 4 a-i 4 n*w?,n, 

§+ 1 4 a — 1 4 n 1 3 fc^BfltettStlfcRBttSP 

50 Rl 2<o«/h««te:Sflc s a-C s njWB/ffiStU If 
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» «OiE»ilM&fcftoT^5o 

[0 0 6 3] tufBSfr 1 4 a- 1 4 n tcfl^nf S^iftfi 
^*«±1-*39MI*fl8£» 1 5 a - 1 5 ik IBSfflfi 
*§*5S£-raiE»«*H8£S 1 6, SES«^2£»1 6 
frt><Dim 1 6 a - 1 6 n SE»«#«^» 1 5 a - 1 

5nfr6©«**Mf 7 a~l 7 ru 

fl^f§£gg 1 5 a - 1 5 n^^cOft^-^fig^n/cfl-^ 

1 8 a- 1 8 m IE8«*ffS£S 

1 6 Rxsmw^mm i8a~i8n *»jsi-r*«j»*»j 

$35 1 9, atR*n/-c«^*«E*fl 4a-14nt8< 
^^^La-Ln, §fi Csa-Csn £±ySH]Sg 
**J«?"*>f iy^** U gac s a-C s n 

2k FMii«?2 1 *6oaai«#*ssai«#»*« 

1 5 a - 1 5 nfr50iffcW«*«9t«HII*l}4t 
£<i**tHS 2 2 a - 2 2 n N RtfglSf 1 4 a — 1 4 n 
*B3cfc?fcLT8iffiSftfcfIS2 3^H^^ 0 
[0 0 6 4] £iSfi^ffg£§3l 5a-l SnliSttl 4 
a~ 1 4 n<D^n-?n&C-T>^^ L a — L n^LT 

#»J-f 3fc<0T?&5o *OJB»«tt5 K h zig*W 
£Lfcfc(D"efeD, ffftl 4 a — 1 4 n tMM I 3 £<D 

£tcft£ 0 

[0 0 6 5] fct, fB»Lft*^fBStt!ll^iE«tC?T 

*vSH»a:B»i(iflF«ffdlBk:«, C©*««WH 
4 a~ 1 4 nT^ffi*r^m^#giJ-r§fca6(D3S#mW 

W«fiE«V>«/<;l/X«:tl!tH 4 a— 1 4 n fc^BWnf 

*3+ft1&<m&r 1 4 a - 1 4 n ifS«a<DS&S 
^Stfl^^^^ff^fg^gg 1 5a-l 5 n tc £ D 01jD"f 
ntf<tt\ *LT, £^£5ft£^{I^fg£§§l 5 a- 

[0 0 6 6] £§fg{*f5@&tt 1 1 <0*«<DE»atfS^ 

Si 3f:coffltcAp^.&n^o CC T0J*.fcf8&M 4fr£ 
as 1 SfciSift^WIIWBiftJSnfci: *«/h«SK4Tlfc 
SO#SP£ft!K til 3fr5£E*M 4fci|q]*^«ll 
tf9Jj!inSn/£fc#tt±iqi*o»SPfca:*i:'r*o cin 
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[0067] ^fcwgt-ett, «s&m 4fr6in*6n5£ 

e>3^^m^£ 3 oiEft*<K<gL. fie-pTcntcwis 

t58flCsa-CsnOffi*mU BU<tt«at 
£38fi88 2 OtiCO^fiC sa-Cs nOffilcg^T 

10 [0 0 6 8] E««^K*» 1 6ttiB«fflOe#*»^ 
U a«E«#«£Sl 5 a - 1 5 nO«8t«#fca«* 
tlT. E»B£tc8*H 4 a~l 4 nlc«#S2nSo CCD 
ff*t » 7 s i? 9 Mm tc Pi 6 f 7 * □ o T fc cfc 

[006 9] jdn®§3l 7 a-1 7 n tefESHf 1 6 a — 
20 1 6 n lC3£»ftfi-5§f8£f§ 1 5 a — 1 5 nJb^Oltt'S 

^frESfi^ i: ft 9 fi!«M 4 a~l 4 nO^ti^tUc^ 
>£^*L a-L n*^bTffliP*tl*«**»S!c-r 

So 

[0 0 7 0] SJSiegB 1 8 a - 1 8nttB4fif, 
fl^f f££2§ 1 5 a — 1 5 nA^^if*, — 7k I5SRf 
«fB»«#fS£S 1 6ft*&<Z>«*|*Sffl- 1 4 a - 1 4 n 

[0 0 7 1 ] «JS^SJfflIffl5 1 9 «:x— »fO«fHB^T»f^ 

ffSIHSft*^ ^Jg^^S 1 8 a - 1 8 n^rlB^ff^fg 
SSI 6Wcjg^U -73, B*»ff***«»'&«4«I 
#^SS 1 8 a- 1 8 n *23M!#S8£» 1 5 a- 1 5 

40 mn. Ki&fcyjfte^So 

[0 0 7 2] ^>^^La-LnM§fiCa-Cn 
tt, ^ffifi^^SS 1 5 a ~ 1 5 n ^>fE^ff ^fg^§§ 1 
6 fr£ Ofl^tf ««« 2 0 O^tgtc L ft V o lc ft 

A6tcffli/^nTv^r. *coaiBfjaifia«f = 1/2 

{L (a-n) C (a — n) } Tfe^o CCT\ Ltt>T 
>^'^^L (a-n) tO-T'^^^^VX, C&SSC 
(a-n) W + ;^^>X^n o ^SKfi^OSiKR 

«5 k h zmmv&io, $m&2o$mf3&m* \ g h 

50 zIfit*$50T\ i^LC7-r;b^T^gi^+^c 
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[0 0 7 3] Sfc, R**5a«Olft±Ofcftfc:«»« 
9J8£ffll 5<0SS«£ffl9O««»i:«li»2 0O»«ja 

[0 0 7 4] fgig«2 Ote-f L k^gC s a~ 

C s nT«A«ti«A&iaHlOftfiMttRf o= 1/2 
^ (LC) T^fitSo CT\ Ltt^V^^LW 
>*f**y* x Cti^fiC s a-C s n, &tf«tH 4 10 

L a-LnRtf§IC a - C n tc «t oT«^iBfflJ£:#l8l 

[0 0 7 5] CCT^flCa-Cn<!:??MlO» 
fcf-TSj&Wi:, $?\ gfiC a-C ntCOV^T, 20 
■tt&SC s a — C s nitt«LTt»lC**<, S 
fc, K5>J»«K:*t>T0>*O-e*«C s a-C s 
fiH«g»t»LT3£EWfc:«:«o £fc> J¥5»S»«Sa 
Csa-Csn fcMMfcA***, BrSO^ttfc: J: 9 . 0tl 
x. Hf RW«©U- > 7fr%:m t^TC <0*¥2ISfi k % 

S»*SfiC s a-C s n ^KjkfctJS LT^JBfTS C 

[0 0 7 6] FMfflP#§2 1 immc s a-C s ntOSSS 

[0 0 7 7] ff^m§§2 2 a~2 2 ntt±»L/£FM* 
H§§2 l*>&©«»«#fr6u £Wffl»«£¥«l 5 a 
-1 5 n<EMHt*#HB«#£:LT\ HP'S, 

HJB2 2tLT{HMo7^>7>^*ffl^*o #JH 
iSfii: IrIW* £ s c k "e*flDHtt»oj«»«tf s 

[0 0 7 8] ti2 3tt0 3tC^'Tct'5tcagif 1 4 a~ 
f€Jg§§ 2 0 T?»fiS nfc^&ttlWgitf 1 4 Oflcttifr 

[0079] ^tc, *nss^siofra»'itf8^s 1 oe 
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[0 0 8 0] «J»*»J»»1 9*t»f^LTE»aE 

6ttE»*^S«^*«£U ^olHiifl^titoSii i 
7 7?a«flra«£*ll 5*BOSEill[fll*i:«a«tU « 
«A*{Bl 8tcA^^n^ 0 K9«X.SeBl 8tt«JStJ 

^^L a — L n^LTS8fl4a— 1 4nfc:fflAnSn 

ftttn^n* ^iiMiift: 1 1 <ow& 1 3 

[0 0 8 1] ESkLTii±»Lfcc IBS 

t m m tc % ft 1 bs^iest ff t> nt ^ s 

^fi^t§/iWc, ES*-*—£>fc«><0?f£fc: 

tftKlcjSUTSgC s^tMi/^yx^SO, ceo 
§iCs k^>^£ L k*«j^SH4: LT^tr#»IIl 
8©#fiB«»T?»«S2 OttRJS-rSo fg}S§§2 0*> 

OAMffttfflft»ffiffl2 2lcA2l2n. $fc> ESMi 
£ 0 cntCcfcO, 1 4 a — 1 4 btcJ; DS^&I; 

[0 0 8 2] *H3ffiJg«OS«*1»*S® 1 <£>lf 

[0 0 8 3] Si", ««^WJfflI»l 9**f^bTS*» 

tfSJ&SfU ^>^£L a~L n^>LT^§tl 4 a 

~i 4 btcS^p^n^o fflSn«ft«fcB«MB«8W*i 

9, C^iC s k^fV^^ L^^fiCT^LTt 

o«fiiHiaio«ffija»»TaiBS2 0tt«fi-rso as 

tl^o C<0AMfI#tt«#SWJ»2 2tcA^3^n, ^ 

Its E»«#k:«fibfcX85«#fcA*«nT, fWIW^ 
Kft^fftotiSo cntc^^s 4 a— 1 4 bttE 

[oo8 4] fl^ttw»oraw«t«fc«*nsn 
c k » j& i * c t it m l rc t & o s o 

[0 0 8 5] n^^-r>7>7 p 5^, (EI4tc^*rcJ:^ 

A^ji^^T u T2t, 4i«»5 1 fc. mzmm 

5 2t. mmmm 5 3, 5 4 k, 90JK#fflg 5 5 k. 
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8, 5 9i:, /H^S^ T 3 , T 4 i:fC<fccT«fig$n 

So 

[0 0 8 6] ii*I§§5 1 W\ XA*FT l^LTAA 

iB^»5 6tii^«5 7*cta*-r« 0 -77, me>w&%ti 

5 2B, A^« J ?T2^LTA^^nfcS^ff^ (B 
5 5*CttWTS 0 90S*£*B#§5 5tt, ans«^«rsip« 

-fW5 8tt, a* sns 

TtoWHPT 4tcffi*»EEV a2^ffiM^o 

[0 0 8 7] ccr% ffiEffla^A^ssfrSUMjS 

[0 0 8 8] 

[Si] Val=|Va| 'Sin0 
[S2] Va2=| Va I • cos0 
JJBc, CCT±abfc*5«c««*tifclS*lHlBS*fll* 

-T § SSfEfi J? £ R«*& tf H O Hf£ ic o v >T 

iftW-TSo 40 

[0089] mmtnm&m 1 tc&^r, wm»<om'b 

3<0HtcHiS»f pOIE3£«T*ftS3g8K«JEV p*EP*D 
fS£. 8S/J>«*tcMfB^?5SmEV ptDMmicttmisfc 

V p 0 «^«i«JEV p 9* E poKiSlWE 

p^tg*g"efe^o 

[0 0 9 0] 50 
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[^3] 0) p = 2 /i f p 
[|S(4] Vp = Vp 0 cosa)p 
Ki(5] Ep = Ep 0 coso)p 

e ttt, iitt<DJ:5fc:, 3g«t«S E p t 2 ^ODSlia* e 
[0 0 9 1 ] 

CS6] £t=£ 2 + £ 3 Ep+(l/2) £ 4 Ep 2 

CCT\ S6ttWTOJ:5fc:8<ci:tfTS5o R«# 
teas?* 01*0 b i: # cDSgfMfwmAgBJK ffi^^: *n 

U, H £ Its MfB«^?BfiDfc«WEi:rtffl5ji*;l/^ 
-Utt«Mx>?;l/^H©a»4ttlfnd D, d 

[0 0 9 2] 

[87] dU = EdD 

[»8] H = U-ED 

So stot, d 1 ot^w 0 

[0 0 9 3] 

[S9] d H =— D d E 

[ifci o] d = - a H/a e 

««x>^;l/t!-H«:«»E<0B8ai:briajS^ 
[0 0 9 4] 

[»1 1] H = (l/2)(a 2 H/a E 2 )oE 2 +(l/6)(a 3 H/ 
d E 3 )oE 3 +(l/24)(a 4 H/a E 4) oE 4 

tt. «W E = 0 VWM$B&tD = 0 &S C £ hgfcl Ot 

[0 0 9 5] 

[»1 2] D = -(a 2 H/a E 2 )oE-(l/2)(5 3 H/a E 
3 )oE 2 -(l/6)(a 4 H/a E 4 ) 0 E 3 = e z E+( 1 / 2) e 3 
E 2 +(1/6)£ 4 E 3 
CCT% 

[0 0 9 6] 

C»l 3] -(a 2 H/a E 2 )o= e 2 
[»1 4] -0 3 H/a E 3 )o= £ 3 
[^1 5] -(5 4 H/aE 4 )o=£^UV^ 0 W±C0 

£4\ 2^<OJHM«»K:*flSLfce2«:2 3fcflD«fl|*4: 
«?l>\ 3 &©HH1«»K:**JE L fe e 3 £r 3 &<D8M» £ 
*¥l>\ 4*OHBH^»cJ*JSLfce-.*4*C)tt«*i: 
BfA/ei^So 26K:> Si 2tc4oi^T, 35$t®WEptc 
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CO 0 9 7] 

[816] Dp + AD=£ 2 (Ep-hAE) + (l/2)£ 
3 (E p + AE) 2 +(l/6)£ 4 (E p + AE) 3 

SMSE pk:Jt«LT«/h«llA Ett+»/jN*t^OT, 

(A E) 2 <h(A E) 3 ^#^3l(iOi:3fi^*r^C 

8l 7©S2SOADttai 8(D£?lcmt>-?£ttfT* 

[0 0 9 8] 

[817] Dp = e 2 Ep4-(l/2)£ 3 Ep 2 +(l/6) 
e 4 E p 3 

[818] AD=e 2 AE + £ 3 EpAE+(l/2)£ 4 E 
p 2 AE = (£ 2 +£ 3 Ep + (l/2)£ 4 Ep 2 lAE=£ t 
A E 

ftl 8^6W6ft^a<fc5fc, «/h«»AEi:. 

A E J: -pT^St^i/jNlMg A DOMOJt««ft 

*e 3 tt. ^328K«»E pOipj#t»ffiP(Ora*^|p| 

Dft^tl^h, 3£«tHll?E p©iRj#fc#ffip©rea**<ai 

OlftJ#»*fcT, iEft^SlE'rSo SftR6k:^T4 

[0099] ^/c, mtsssstn 4tna\ 3ticx^T 

«»*nfe«j8S«/h««ft^««^*$flCstt, r«* 

e t lCj£Wt£OT\ g§»*<7)/P£d 1 4<D9v®> 

[0 10 0] 

[»1 9] Cs=Ce(l/d){£ 2 +£ 3 Ep+( l/2)e 4 
Ep 2 } 

n5$lCot^8 2 1 T?*Sft*Sfl£{fcSAC* 
ffli^5£&2 2<DJ:5fcgrc£a^*^ CCT% S 
BColi, SESlE«BEVp^9]A0*tiTi/^ai^*oai«- 
i 4£S^l 3£. 4i:«ffii 3 ^frCcfc^TSEga 

AC tit, 3i8lt«BEVp*BHiPLfcfc*<OSaCofr6^ 
[0 10 1] 

C»2 0] Co=Ce( 1/d) e 2 

[821] AC = Ce (1/d) {e 3 Ep+( 1 /2) e 4 E 
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P 2 } 



[82 2] Cs=Co+AC 
5T^n5MWEp^2 l^&ffltcftAL 

fg*r3£, AC&82 4<D£5lc^c:fc*<'e#So 

[0 10 2] 

[82 3] cos 2 (o>p- t)={l+cos(2cop- t)}/2 
[82 4] AC = Ce(l/d){£4Epo 2 /4+e 3 EpoCos 

(cop - t ) + (e 4 Epo 2 /4)cos(2a)p • t)} 
10 HtC, »2 4li, »(Oa2 5t»2 6i:a2 7tSSn 

3Sftg{k3AC 2 . AC 3 , AC 4 *ffl^ta2 8<D£ 

2 tt, 4^<ORIB*£ 4 i:3SaE«ff E p^fiSE p 0 <D2 

a^kSACatt. 33fcOR«*fi 3 4:2fl£SWI|iE pO* 
HE pofcJtW-rSfiWSWLft^oftJBttRoi p«r#L 

T£#«K:»kT*Sfi»ka-e** 0 *fc, sasMk 

aAC 4 «. 4^<OR«*£ 4 fc^»aifE pOS«E p 
o 0)2*fcltffll'r»lI***L^'OftJB»»2 o)p^t 

20 LTS*«teSfk?"*8a£{ka-i***o 

[0 10 3] 

[82 5] AC 2 =Ce(l/d)(£ 4 Ep 0 2 /4) 
[8 2 6] AC 3 -Ce(l/d) £ 3 Ep 0 cos(o)p • t ) 
[82 7] AC 4 =Ce(l/d)(£ 4 Ep 0 2 /4)cos(2o)p • 
t) 

[82 8] AC =AC 2 +AC 3 +AC 4 

iaiss«:«flc u tufa l c nmm^nmm^ f LC &, 

30 [0104] 

[8 2 9] f lc = 1/{2/t^(L • Cs)>=l/[2*<T{L • 
(Co+AC))] 

£/c, 82 6lc<ot*5 e 3 E p Q £R2 7lc$siiZ> e 4 E 
PoV 4 t3\ 2 ^(DR«sp £ 2 i±^T+#/h£l^<DT% 
82 0^:82 l J:OCO>ACtffi8D3iOo fct, 8 
2 9 £8 3 0-e«*ti*5fi<Ha*ffl^T»*«**i:, 
ituffiSfl^fkfiAC 2: AfiMiffiRSfkaA f LC ^M^ 
83 1 <D£ o \cmfr?££tfT*ZZ>o 
[0 10 5] 

40 [83 0] Al+AC/Co) = (l+AC/Co)-l/2=l- 
(l/2)(AC/Co) 

[83 1] AC/Co=-2Af L c/f L c 
J^±£><fc*5lc, WIBLC«SEIBO*»JBtt»f Lett, 
tufBSac s<OSfiffifkaACtcit«LT«JB«»[»S 
fkSAf LcTSW-SSffrTSo ffioT, 3£1SS2 0«\ SutE 
«SMIS8 f LciiM UJB»»-e**»ajHift» f osc^: 
#-T £fSffi^*»«LTS£LTFMiSHS2 ncffi 
*TfSo CCT% ±^cOJ:^tcflijfBLCttffilHlS§tO±t«g 

HttftfixU, MtB^sc sosa»kaACkutWb 
so T±tjg^i®8^kaA f Lcfcttafk-rsoi?, huib^ 
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fl«»f oscfcraauc, tufs^ftc s^gfi^itfiAc 

CO 1 0 6] Sfc, ±ao<fe-5tc§fig{bflAC«, 3 

«E p 0 0 2*fc:itfifiJ-r*S«**U floft«JS»2 
©t?, SfflE3gS«**M\ 3&<DR»*£ 3 fc£«tltWE 

potiiiSE p 0 fcitffii , r*s«H*«rb, loAoftHtt 

*i**U S.Oftja»»2 a) p, EP^MI&i&2 f p**f 

s Q cots, wiBHa»ssisnft5Sfifi#o«»a 

[0 10 7] MfBFM^IS§g2 1 tt, S9E»ffifl#*F 

«e potcjtffy-rsffi'H^wb. ao^&^f p^^rr 

p 0 <D2micitm?2>mm%:mu ^mrnkz f p^r 
* -r s s Att^tsmmm^ py^^so 

[0 10 8] ^^T^SlC^T. ig-&S5 6 
«0«*09%it»lJ«»-e**tB*«£E I V a I s i n 

T\ ffi«iIifl7*;i/*5 9fc:aj;frU <£«5Iifi 7 -< ;i/ * 

I V a | cos 0<D#*iB?T 4lca**rSo 

[0 10 9] lCT% «*S3tt»IKS*«#©JB«» 

f p**rra«*rc*£<o^ ffilB2g-&g5 8 kfuiBrl 

§r*6SfflAtE t V a I sin 0 kffl^SEE I V a I 

cosd)M«o gp^m^tti±v ai^m^mi±v 
^ft»A c 3 ^5cjs«WE pttra«-naMi:-r*o £fc> 

«fi«ifi»afbfiA f Lci:iSa«TKfb"r*ci:k:ft*o 

[0 110] W±<0Cfc*^. 3 &£>§f«a|s e 3 #; 
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Lctt3«««»E pkise«7?«ftr*o seic, saws 

E p kSS«[«EV pttBWa-eKlt-TSeOT?, 3*ORl 
*£ 3 ^Ha^«^T^oiE©fii<Di:^tcti, bu!2S^ 
«#fcfl5!3^S3(Dffi*iS0«wfcSc«o $fc rattle 
3 ^OSfl* £ atf^RTfeo Tfroft0)fii<9 S tc 
«\ tufBS^fI^kMSSfI^S3^fSffi«0tiOtc^ 

So 

[0 1 1 1] tiit<D&5K* 3^©if$£ 3 tfHa^ 

kttcti, «HHS»ffl#k«JIB«#S3(Ofi![ffl360ttO 
ffiVa20**<a**tl* 0 Sfc, 3#<D§S*?£3#IE 

<D£#fc:«, ffifB^0teOtc&oTffi^mi±V aZ^f 

[0112] (mzmm&m) h5*#bblt»2*«* 
«m u fetm^tmHemc gar « 0 

[0 113] SI«ft1f«Kfi2ti, 8Etfl 4 a~l 4 n 
fcW3!lP-rS!SEa£«#*5SS-rS5S«E«^*»l 5 a~ 
1 5 ru iHSfflfa#«:5S*-r*IB»«*»*» 1 6, IB 

1 5 n^^Ofi^ae*TSin»t§l 7 a~l 7 n. IB 
gfl#*&a- 1 4 a ~ 1 4 n -O^* * L a ~ L 

n> g»C s a-C s n 

20. 5iss2 o^e»<D«ifta^H«n/c%fi^«ria 

W-r^FMffliSffi2 K FMHPg§2 1 fr50H8H§# 
«r3£««^»*8B 1 5 a~ 1 5 nfr60«#kHffl*k 
oTHm*?f£-r*«#»fcHS2 2 a~2 2 ru RtfS 
tf 1 4a-l 4 n«rffl'5«fc i 5fcLTSflfi*n/c:«ffi2 3 
^rfli^So 

[0 1 14] KSL^o&5«^-?-<DltlB«rS 

a-1 5 n(D£iffi«^fcM£tlT, IBii^tc^if 1 4 
a-1 4nt^tl§o c^iP?tll.lK«l 
4ttSl 3©Hlt«^4^ SS«<*1 20?S/h®« 

[oiis] E»kra«FfcS^'ra«^, wtE»*^iE 
tcis urgfi c sosaft^stso. cosacsk-o 

J8B2 0tt8fitSo «i»2 0fr6W*lSnSSiC 

s^sftu:*r«i;LTaEiBsnfe«#«FMaH«2 it 
m#§2 2tcA^^n, s/t, ia^i^tcsab/c:^8itM 
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[0 116] *<aflk ***SJBI«fc:«t>««|j«Bi){4:* 

mvmm Ltcctt mm?&z> 0 

[0 117] H6«#ffiLT«3Htt 

[oils] *$m&m<Dmm fommmw 3 s*n 

4 a~l 4 n*cfflio-rsSiSft«#«r5S*-rS3K8f£fl#» 

£s§ 1 5 a - 1 5 ru e»H«#*»£-rsia»i*§» 

£§§ 1 5 a - 1 5 n A^<DM^*«a-rS*PHf88 1 7 a 
-1 7 n£r«t*3 0 
[0 119] 1 6 "eE«fflOfll**»* 

U 3S8SM#%*8g 1 5 a - 1 5 n<D£ffiHt^£Sfi2 
tlT, ESWlCgSH 4 a— 1 4 ntCt£*S2tl£o 

9iip^n^mj±T«^ l 4 tmffi l 3 OBtlRtfS 

[0 12 0] ^ODffi, *HS60g^Jci«fcS«^Sm^* 

[0 12 1] (9S4nm&t&) H7«r#BgUTlB4||3Sfi 
IB»*nTV^*«»*||S-r*fc»fc:«l»LfeSI«fl:« 

[0122] *nm&m(Dmmfcmmmw4i±. mn 

4 a-i 4 n jcaiip-rsxafi^ftss^-rsxaw^ 

1 5 a~ 1 5 n, 1 4 a — 1 4 ntc*<-f 
L a-Ln, R«^OfK/J^«OSB C s a-C s 
nfc#ai|HlB*«|j«-rS>r>^^L, «|g[I}g§<OttJ§ 

5 a— 1 5 n^SeO^fcraMB^ffioTlWBftH^-r* 
ft^ffi§§ 2 2 a - 2 2 n , RtfU&r 1 4 a - 1 4 n & 
H?<fc5fcLTSiffl£nfcBffi2 3£:{Ix.£>o 

[0123] ^jcs^^tt, sen 4^6*p*6n*x 

£§fiC sa-Cs n©**HEffcU IWWcfcHfrrao 
f£«§§2 0fcfcC<E>2SflC s a~C s n^ffilcS^TSg 

[0 12 4] >#^£L a~L n&tfgflC a~C n 
te> £SS<t-*§?8£8 1 5 a ~ 1 5 n^BOfi^?b^^§§ 
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[0 1 2 5] I8tg§g2 0^>^?LfcSSC s a- 

c s n*«j«fiHki-**aiigBo*{«jBia[R-e»fi'r 

a ~ L n RZf^R C a - C n IC £ o TmWMW tftffi* 
[0 12 6] FM«pg§2 1 &mmC s a~C s n<DSK] 

L»ifi^-^^pi-^ 0 c (omm znrcmmc meat 2 

[0 12 7] «^«tUJ»2 2 a-2 2 n tt±J« LfcFM* 
Mm 2 1 *60«MHtfr6, SE»tM#5B^«a 1 5 a 

[0128] naEmmtisTtowptt. 

1 5^6,£0«f§^y^^ L a-L n^lTS 
*f-14a~ 1 4 ntC01to^n^o BliraStl* £R«<*f5® 

loiwii 3 tmm4t<DMicm>m^v, *<r> 
ss«<o»ao7jrRitc«fco. enlist 

FM»B»2 lTffllSnAMitlt:*||*n«o £<o 

AMifiififi*ais2 2tcA^j^n. sfc. te^fg^ 

£ G cntCcfct*. &8t£H 4 a— 1 4 btefE^2*lT^ 

30 [012 9] t(Dm, ^mm&micm&zmfitmmtz 
[0130] (x-ywtttfriBfts^Bowritffii) m 

[0 13 1] £?\ fB»B^SB6^«fi(c<DffillBStt, * 

a«iBS<«» 6 3 , #^«6 4, 6 5, 
40 146 4, 6 5^|g»-r^>^-^ 6 6, 6 7 , St«f*fES 

^»6 3^t8^s^6 i *»»-r*¥aT?**^— 

8, g^it6 9, $iJ®[p]S§ 7 0 , »ffA*»7 K ftfftt 
ffi*^SB7 2. ^\7K7 3> feiiS£[H]£§ 7 4, S§+6 

[0132] *tettt^teot^TKWr*o Bl«f*i5»«l 

07?ffiltc. #^^D$ft6 4, 6 5tC e fc^#^^e>tl, S 
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6. 67tC*^£nT^T, C tile <£ D ^rtl^tl R 1 s 

lE^tc^l^S J: -5 tcfrJSrt So 
[0 13 3] SJSIIIhISS 7 0 tc&^fFATjnfl 7 lfr 

fE^S^B6^»3^^^ $fc, Kl^«aB«^» 7 2 

IBS. S^<DSS?, X*-K Xh7^ 

[0 1 3 4] K7 3ttS*l*6 9^SU Ctl 

i^So 6 9ttH8 0«ffioai[^|qifc:ffl»*Htt6 

*&-r*E»1»«, R*ffio/-cB*flWKiffi»lf*lHlB7 
4T*fflIStiSo C©i3»B£EItt7 4fc«U mx-ism 
1 »c^raM»»±» 1 6, X8!E«#»3fe»l 5, F 

5tt«fi»T?*fi*nfci»JBiSI[««3y«»6 9**&JtttU 
2nZ-XlcMSfc#<D&OT&S 0 

[0135] cn^gsioM^Bfmmi 

[0136] les-rsitffitLTtt-rutr, 
satfjfctxtf-a, warn!** 
2ns 0 

[0 13 7] f--^^«E»Sfife«BfcbT, 13 
fctfOgB, S£«*«»0ttBfc:o^TtK ^txtcfig 
[0138] (f^f x^««i*IB»?l^*Bo«fi8fiW) 

[0139] $?\ tmn£mw7 (Dffi&cDWtmz. m 

<*fE®8M*8 3, 7^X**lsIfE<*-es*— *8 4, 8g 
^-X8 5, 9190188 5, »ffA*»8 7, 
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^K8 9, ^9 0, ^7K8 9^f>f 
Kt^WSfafolffirir U X^Un-9 2, 
ta»f?£lalg8 9 3 . Sit9 O<0jgH*B#J:5fc:Rtte> 
tlgtfft£nS1B89 3, ^^ffix^X^^Is]$c> less 

[0 14 0] ^tcgjmco^TiftB^T^o SMtttiBMK 
f* 8 3 ttEHE^X 8 5 lc**5*U BStWSMKrWfc 

10 S7a&£ LTX D y !/'J >y*©4i*POStB*ffll/>* C 

ftCPUtcto TfESiS££§® 7 jE#fcflF»r * £ -5 
[0 14 1] S/c, MBls]&8 6fctt»ffA*»8 7fr 

ia»w*«i7*»ff*-er, *ft. »fE«3B*?sap 8 8 

20 IBS, B£<DjKR. X£ — K Xh7^ ^K8 9© 

[0 14 2] 5Wc, ^<y F8 9 liB§«#fBS«{* 8 3 © 
X^'J^l-9 2&mzLT&W)-f So CO^yF8 9tt 
30 SIl/>ttB!*BjSifei|||*OlHlB*«IATV>«o Wi^ttf H 1 

&So 

[0143]^7 F8 9^W*ffiote»*««ttfB«S 

mtfH i fcw-refiHras^s 1 6, ^^ft^fg^gg 

15. FMHIH2 K flWHli2 2«iAT^ 

So ««9 4«a«i§7?aiisnfcKJHift«** < ««-9 

[0 14 4] cn&#S*(D««i:l!imi»ill«l 

[0145] fBit*rsif$g^ iT«fue\ *?i/*m<o 
$ns 0 

[0 1 4 6] W % ^VX^^^IB^^S^bT, 

IB«^«ffi*«iH«oSBtcot^T3«^fc*V IB^H 

50 H-rs««*KD±tfTiiija*n*feo^**o 
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[0147] &L±mmicmmi,rc&~>ic > *%0^it 

[0 14 8] *fc, IB»«£ffl©«*l«III»4:, LCtt 
**&CfKligg<OiSSffilElK«:L. CtCctoTfflSO 

[o 1 4 9] sstc, ffiAft^nnaiADffiowRtt. 

[0 15 0] ft, W±ttWUfc#H««l»^tt. SMf* 

ib^$&{* 1 1 . mmm e»&tt s 3 , mmm mmi* 6 
[0151] ±aLfcnas»*fciB6n*fe 

[0 15 2] 

ar. 1 ~D(Dfmm*Pkm Lfcaa©yn-7*ffl^8 s 
[1 1 ] m\mmmm<om^^ §tfe§ 0 
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[gi 3] ai«-offlHJci9:tt6nfeffiffi<o^*siwrs 

[04] w^otftaiKifflt^nsny^^vrv^cow 
^fc«#«ffio«imi:ot>TSiW"rafe«)OHT*feSo 

[15] S2^Ml«^tlTSI)o 
[0 6] »3llflBBIRO«IA«i^'rHT««. 
[87] W4*9IS}Btt©«j«**'rH , t?«*o 
[18] 4:%KiD8f*^««%B«. f-^RORfft: 

[19] ^noBmWMRttB^. f-<X*«©Rt 

1. 2, 3, 4 • • -sg«ttiffiR»B 



5 • 

6, 

1 1 

1 2 
1 4 
1 5 
1 6 
1 7 

1 8 

2 0 
2 1 
2 2 
5 1 
5 2 
5 3, 
5 5 
5 6, 

5 8, 

6 3, 

7 0, 
7 1 , 
7 2, 
7 3, 
7 4, 
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